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Abstract 
The computational fluid dynamics (CFD) have been widely used to better understand the food thermal processes, one 
of the safest and most frequently used methods for food preservation. However, there has not been any study in the 
literature describing the thermal process of liquid foods in a brick shaped package. The present work evaluated the 
water sterilization process in a commercial brick shaped package, as well as the influence of its orientation on the 
process lethality. It demonstrated the potential of using CFD in evaluating thermal processes of liquid foods. It also 
showed that packaging orientation does not result in different sterilization values during thermal process of low 
viscosity fluids in the brick shaped package. 
Keywords: Mathematical modelling; computational fluid dynamics (CFD); thermal process; sterilization. 
1. Introduction 
Thermal processing is one of the most utilized methods for food preservation [1]. Appertization is still 
the most effective conservation method, even when compared to recently advanced techniques [2, 3].  
The liquid flow characteristics inside the packaging during heating are a function of its geometry, 
where even small alterations can change the process characteristics [4]. However, little attention has been 
deposited on modifications in the thermal processing of liquid foods through changes in geometry or 
orientation of its packaging [5, 6].  
The computational fluid dynamics (CFD) is a numerical technique of solving equations which govern 
the fluid flow and heat transfer in a determined geometry. It consists of numerical and simultaneous 
resolution of the Navier-Stokes Transport Equations, which describe the conservation of mass, moment 
and energy and state equations [7]. CFD has been used by several authors as a tool to evaluate thermal 
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processes of liquid foods in cylindrical [2, 3, 5, 8, 9, 10-16], conical [5, 6], and irregular shaped packages, 
as bottles [4, 17, 18] and pouches [1, 19]. However, there is no work in the literature describing the 
thermal process of liquid foods in a brick shaped package. 
The present work aimed to evaluate the thermal process of a low viscosity liquid food in a brick 
shaped package, as the influence of its orientation on the process lethality. 
2. Materials & Methods 
Simulations were performed by CFD analysis, using the Ansys CFX 12.0 program (Ansys Inc., USA) 
for solving the Navier-Stokes Equations and state equations.  The three-dimensional model was obtained 
from the actual geometry of the brick shaped package, a retortable multilayer carton-based package [20]. 
The unstructured tetrahedral mesh was generated with refining on the fluid borders, with dimensions 
based on Varma and Kannan [5, 6] works (Figure 1).  
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Fig. 1. Brick shaped package evaluated. Figure shows a xy and an yz planes. The red boxes highlight the mesh in xy plane, with 
refining on the fluid edges 
Due to the small thickness of the packaging, its thermal resistance was considered negligible. Water 
was considered as a liquid model food, and its thermal properties were used as function of temperature [9, 
21-23]. The initial conditions generally used in the literature were considered [17, 24]. As boundary 
condition, heating and cooling were considered to be uniform, with heat flow obtained at each time step 
by the retort convective heat transfer coefficient (h) and temperature (Th), based on the values obtained 
by Santana et al. [25]. Minimization of root mean square (RMS) was used as a criterion of convergence 
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for simulations, with a maximum value of 10-4 [6]. The time step used was 2.0 s [17, 24]. Efficiency of 
the thermal process was compared for three possible package orientation, based on mass average 
sterilization value (Fm; Equation 1; Tref = 121.1 ºC, zClostridium botulinum = 10 ºC). 
3. Results & Discussion 
The temperature and velocity profiles were compatible with those described in different works heating 
different products in cans and bottles, as in the pasteurization of water in bottles [4, 17,18, 26, 27]; 
sterilization of water in cylindrical cans [3, 9, 15, 16, 24]; pasteurization of water in cylindrical cans [4, 
28]; sterilization of viscous fluid in cylindrical cans [3, 5, 6, 8-10, 12-14] and bottles [29]. 
In the beginning of heating, there is the presence and disintegration of various Benard Cells, circular 
flows formed due to the meeting of two or more flows, as the package heating is uniform through its 
sides. If heating is continuous, the flow tend to stabilize in a characteristic profile, with a larger looping 
ascending in package walls and descending in the center of the package, and small ones near the center of 
the package base, at an opposed direction to the first. Fluid flow took almost 1000 s to stabilize, for the 
three orientations. The same behavior is then observed during the beginning of cooling. 
The fluid flow points down to a coldest region, called the slowest heating zone (SHZ), in contrast with 
the cold spot characteristic of conductive products heating. The fluid temperature is distributed in layers, 
with the hot ascending flow close to the package walls during heating. The SHZ is located in the bottom 
of the package during the process. 
Packaging orientation was evaluated due to the big differentiation of its dimensions (94 mm of height, 
83 mm of depth, and 45 mm of width), which results in a difference of one order of magnitude in Grashof 
number (Gr) and Rayleigh number (Ra). 
As can be seen in Figure 2, orientation does not result in different sterilization values (Fm). This 
behaviour is similar to water pasteurization in beer cans [28], but contrary to the sterilization of consistent 
liquid foods in conical [5, 6] and cylindrical [10] cans. 
Fig. 2. Retort temperature (Th) and mass average sterilization value (Fm) for water during thermal sterilization: gx, gy and gz are 
the three orientations for the brick shaped package 
This difference can be attributed to the convection flow inside packaging, which is high influenced by 
its geometry and by the evaluation itself. In Varma and Kannan [5, 6] and Ghani et al. [10] works, the 
authors evaluated the orientation only by temperature profiles. Although comparison among the 
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efficiencies in the thermal processes must be done through sterilization values [30], this approach is rarely 
adopted. We highlight once more that liquid food thermal process efficiency must also be evaluated by its 
mass average sterilization value (Fm). 
4. Conclusion 
The present work has shown for the first time the internal thermal and velocity profiles of liquid foods 
thermally processed in a brick shaped package, as well as its sterilization values due to processing. The 
results obtained demonstrated the potential of using computational fluid dynamics (CFD) in evaluating 
thermal processes of liquid foods, especially in new or non-conventional packaging geometries. It can be 
concluded that packaging orientation does not result in different sterilization values during thermal 
process of water in the brick shaped package. 
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